The present research was conducted to evaluate the monthly variations of macrozoobenthos of three ponds (pond 1, bottom soil is loam; pond 2, bottom soil is sandy loam; pond 3, bottom soil is silty clay loam) in relation to soil texture types of sediment. The major groups of macro-zoobenthos recorded were Chironomidae, Oligochaeta, Mollusca and Ceratopogonidae. The values of all water quality parameters such as temperature, water depth, rainfall, transparency, dissolved oxygen, pH, free CO2, NO3-N and PO4-P were found to have positive correlations in most cases, in some cases negative correlations and in few cases significant correlations. The abundance of Chironomidae was to be dominant in the pond no. 3 during the whole study period. The highest number of Oligochaeta (400 per m 2 ) was found in pond no. 3 at depth of 150 cm and the lowest number of Oligochaeta (0 per m 2 ) was found in pond nos. 1, 2 and 3 at both depths. The highest number of Chironomidae (1332 per m 2 ) was found in pond no. 3 at depth of 150 cm and the lowest number of Chironomidae (444 per m 2 ) was found in pond no. 2 at depth of 100 cm. The highest number of Ceratopogonidae (977 per m 2 ) was found in pond no. 3 at the depth of 150 cm and the lowest number of Ceratopogonidae (178 per m 2 ) was found in pond no. 2 at both depths. The highest number of Mollusca (1288 per m 2 ) was found in pond no. 3 at the depth of 150 cm and the lowest number of Mollusca (222 per m 2 ) was found in pond no. 2 at the depth of 100 cm. Satisfactory quantity of macrobenthos in the pond no. 3 at the depth of 150 cm than those of other two ponds. Between 2 depths (100 and 150 cm), the depth of 150 cm was to have highest quantity of macro-zoobenthos in all the three ponds because this depth was most favourable for macro-zoobenthos production. In pond no. 1, 2 and 3 relation of macro-benthos (no. per m 2 ) with chemical parameters of pond bottom-soil conditions vary pond to pond which influence primary production and also influence macro-zoobenthos production (secondary production). The highest macro-zoobenthos population density was found in pond no. 3 followed by pond no. 1 and the lowest production in pond no. 2 but macro-zoobenthos production in pond no. 2 and pond no. 1 are more or less similar and macro-zoobenthos production in pond no. 3 is different and higher than those of pond nos. 1 and 2 which indicates that silty clay loam of bottom-soil is more suitable for macrozoobenthos than other soil textural classes of bottom-soil loam and sandy loam.
Introduction
Benthos is defined as that assemblage of animal living in or on the sediments and dependent upon the decomposition cycle of organic matters which are the basic food supply in any aquatic ecosystem (Brinkhurst, 1974) . Benthos is important food item of fishes as well as an indicator of productivity of a water body (Dewan, 1973) .
Benthic invertebrates are important part in aquatic ecosystems. Investigations of zoobenthos can provide a lot of information about the state of water body. Study of benthos is very important because different kinds of macro-zoobenthos are very important food organisms for bottomfeeding fishes; they are important in sedimentwater interactions; micro-benthos (bacteria and other microbes) increase and recycle nutrients for phytoplankton through decomposition of dead organic matter; the presence and abundance of benthos indicates normal limnological conditions of the water bodies; and they are also occasional zooplankton i.e. they are also used as food by fishes of upper water and mid-water and column water.
Int. J. Agril. Res. Innov. & Tech. 7 (2): 27-35, December, 2017 Many researchers termed the bottom soil as "The chemical laboratory of the pond"; where nutrients, required for productivity of waters, are released through chemical and biochemical processes from organic matters and minerals of the soil. The nutrients status of both soil and water plays a significant role in the growth and abundance of aquatic organisms, specially plankton and benthos. Thus, the physicochemical characteristics of pond water and soil are of great importance for fish culture and fisheries management. Moreover, the benthic fauna, through their burrowing and feeding activities play a significant role in the exchange of nutrients, dissolved gases and other materials between sediments and overlying water (Nupur, 2011) .
The work on depth wise and pond wise variation of benthos, the combined effect of bottom soil properties on the benthos, their interaction and intra-relations based on statistical analysis, are very rare. The productivity of a water body largely depends upon the plankton and benthos (Habib et al., 1984) .
The growth of fish depends largely upon the availability of food organisms namely plankton and benthos. Benthos is one of very important food item of fishes especially the bottom feeders. About 60 % of total food items of fishes come from insect larvae.
The growth and abundance of benthic fauna depend upon the physico-chemical properties of bottom soil. The chemical properties (nutrient status) have some growth promoting effect on the various species of benthos fauna.
The diversity, biomass and abundance of benthos depend upon environmental factors of their habitat. The density and biomass of aquatic invertebrates correlated with water hardness and carbonate hardness also (Bernotiene and Visinskiene, 2007) .
Oligochaeta, Chironomidae and Mollusca are the dominant macro-benthos in tropical freshwater ponds. And Oligochaeta is the most dominant group followed by Chironomidae and Mollusca (Das and Islam, 1983) .Three major groups of benthic macro-invertebrate namely, Chironomids, Oligochaetes, and Molluscs formed the bulk of the population and Oligochaetes are the most dominant group followed by Chironomidae and Molluscs in the campus of Bangladesh Agricultural University, Mymensingh (Khan, 1990) .
A large number of research work have been conducted on macro-zoobenthos and relations and effects of different aquatic parameters on the macro-zoobenthos in ponds, lakes, reservoirs, estuaries, rivers and other water bodies. However, considering the great significance of benthos for productivity and suitability of water bodies the present research was planned with the objectives of: Quantitative study of macrozoobenthos at two depths of water of three ponds in relation to limnological conditions; study of limnological conditions of water and pond bottom-soil of three ponds; determination of monthly fluctuation of macro-zoobenthos at two depths of water of three ponds.
Materials and Methods
This research study was conducted in three ponds situated at the campus of Bangladesh Agricultural University, Mymensingh.
Description of the ponds
Three artificial perennial ponds, situated in the campus of Bangladesh Agricultural University, Mymensingh, were selected for the study. The ponds were arbitrarily numbered as pond no. 1, pond no. 2, and pond no. 3 for the sake of recording of data and reporting the results. 
Sampling and estimation of limnological conditions:
Monthly sampling was conducted from three ponds on first and fifteenth days of each month during March to September 2012. The experimental layout for study of benthos in three ponds has been presented in (Sattar and Rahman, 1987) . 2) pH measurement of pond bottom soil (sediment) was performed using a pH meter of Hanna Instruments Co. (Sattar and Rahman, 1987) . 3) Determination of available phosphorus (ppm) of pond bottom-soil (sediment) was done by sodium bicarbonate method (Sattar and Rahman, 1987) . 4) Estimation of total nitrogen (%) of pond bottom-soil (sediment) was done by semi micro-kjeldahl method (Sattar and Rahman, 1987) . 5) Estimation of organic carbon (%) of pond bottom-soil (sediment) was done by Walkley and Black method (Sattar and Rahman, 1987) .
Study of benthos (macro-zoobenthos)
Collection of samples was conducted twice a month. Benthos samples were collected around 11.00 a.m. from two depths (100 cm, 150 cm) of each of three ponds on each sampling day. The samples were collected randomly from 2 depths of water of each of the ponds by lowering an open Ekman dredge on bottom mud. Then collected benthos with mud was put on a fine mesh-screen net fixed with a small steel frame and mud was washed in the pond water and the bottom materials were passed through a 0.2 mm meshscreen net for a preliminary separation of benthos and large particles from mud and water. The benthic organisms remained on the screen net were collected from the residue by means of fine forceps and kept into small plastic bottles containing 5% formalin for preservation. The small plastic bottles were marked properly with a marker pen and taken to the laboratory for laboratory analysis.
Separation and identification of benthic (macro-zoobenthos) samples
The preserved samples were washed with tap water in a petr idish. Then the samples were cleaned with distilled water. Benthic organisms were then separated from each other using needle and forcep, which were again sorted into major taxonomic groups with the help of hand lens and low power microscope. Then the organisms were identified and counted. To determine macrozoobenthos population density the following formula was used.
Formula for determination of macro-zoobenthos population density (no. per m 2 ) according to Rahman (1992 
Results and Discussion

Physical parameters of water
Range and average water temperature ( Table 2) .
Mean of maximum, minimum and average air temperature on monthly sampling of pond nos. 1, 2 and 3 were 30.63±1.74, 22.2±4.47 and 26.37±2.66 ( 0 C) during the experimental period ( Table 2) .
Ranges of pond depth and mean depth during the experimental period in pond nos. (Table 2) .
Chemical parameters of water
The ranges and mean of dissolved oxygen during the 7 months experimental period in pond nos. 1, 2 and 3 were 7.5-8.0 ppm (7.86±0.24 ppm), 6.0-8.0 ppm (7.21±0.70 ppm) and 5.0-6.5 ppm (5.86±0.48), respectively (Table 3) . Range and mean of free CO2 (ppm) during the 7 months experimental period in pond nos. 1, 2 and 3 were 3-5 ppm (3.86±0.90 ppm), 0-5 ppm (3.43±1.62 ppm) and 3-5 ppm (4.00±0.82 ppm), respectively (Table 3) . (Table  3) .
Ranges and mean of phosphate phosphorus (ppm) during the experimental period in pond nos. 1, 2 and 3 were 0.3-0.9 ppm (0.62±0.23 ppm), 0.3-0.7 ppm (0.46±0.15 ppm) and 0.1-0.9 ppm (0.69±0.26 ppm), respectively (Table 3) .
Ranges and mean of nitrate nitrogen (ppm) during the experimental period in pond nos. 1, 2 and 3 were 1.2-1.6 ppm (1.37±0.23 ppm), 1.2-1.8 ppm (1.58±0.19 ppm) and 1.1-1.9 ppm (1.5±0.26 ppm), respectively (Table 3) .
Physical and chemical parameters of pond bottom-soil
The soil textural classes of pond bottom-soil of pond nos. 1, 2 and 3 were loam, sandy loam, silty clay loam, respectively (Table 4 , 5 and 6). (Table 8 ).
The range of individual number of Oligochaeta (no. per m 2 ) found in depth 100 cm were 89 to 311 and the range of individual number of Oligochaeta (no. per m 2 ) found in depth 150 cm were 44 to 400 in pond no. 3 on monthly data during March to September 2012 (Table 9) .
Chironomidae: The range of individual number of Chironomidae (no. per m 2 ) found in depth 100 cm were 444 to 622 and in depth 150 cm were found 533 to 755 in pond no. 1 on monthly data during March to September 2012 (Table 7) . The range of individual number of Chironomidae (no. per m 2 ) found in depth 100 cm were 448 to 844 and in depth of 150 cm were 533 to 888 in pond no. 2 on monthly data during March to September (Table 8) . In pond no. 3 the number at depth 100 cm was 666 to 1066; and at depth 150 cm the number was found as 111 to 1332 during this experimental period (Table 9) .
Ceratopogonidae: The range of monthly individual number of Ceratopogonidae (no. per m 2 ) found in depth of 100 cm was 310 to 666 and that found in depth of 150 cm was 311 to 755 in pond no. 1 during experimental period (Table 7) . Range of monthly individual number of Ceratopogonidae (no. per m2) found in depth of 100 cm was 178 to 488 and that found in depth of 150 cm was 178 to 444 in pond no. 2 during experimental period (Table 8 ). The range of monthly individual number of Ceratopogonidae (no. per m2) found in depth of 100 cm was 266 to 755 and that in depth of 150 cm was 311 to 977 in pond no.3 during the period of this experiment (Table 9 ). Mollusca: Range of monthly individual number of Mollusca (no. per m 2 ) found in depth of 100 cm was 444 to 932 and that in depth of 150 cm was 577 to 932 in pond no. 1 during this experiment (Table 7) . Range of individual number of mollusca (no. per m 2 ) found in depth of 100 cm was 222 to 888 and that in depth of 150 cm was 266 to 844 in pond no. 2 during this experiment (Table 8 ). The range of individual number of Mollusca (no. per m 2 ) found in depth of 100 cm was 444 to 1110 and that found in depth of 150 cm was 533 to 1288 in pond no. 3 during the experimental period (Table 9) .
Relationship of macro-zoobenthos with physico-chemical parameters of the ponds
In pond nos. 1, 2 and 3 correlation coefficients (r value) between macro benthos density (no. per m 2 ) and water temperature ( 0 C), transparency (cm), rainfall (mm), D.O. (ppm), free CO2 (ppm), total alkalinity (ppm), NO3-N (ppm) and PO4-P (ppm) indicate negative relations except some positive relations; there is no statistically significant value.
In pond no. 1 correlation coefficients (r value) between macro-zoobenthos (no. per m 2 ) and D. O. (ppm), NO3-N (ppm) and PO4-P (ppm) are positive and the correlation coefficients between macro-zoobenthos (no. per m 2 ) and water temperature ( 0 C), rainfall (mm), transparency (cm), total alkalinity (ppm) and free CO2 (ppm) are negative.
In pond no.2, correlation coefficients (r value) between macro-zoobenthos (no. per m2), free CO2 (ppm), NO3-N (ppm) and PO4-P (ppm) are positive and relations between macro-zoobenthos (no. per m 2 ) and D. O. (ppm), water temperature ( 0 C), transparency (cm) and rainfall (mm) are negative.
In pond no. 3, correlation coefficients (r value) between macro-zoobenthos (no. per m2) and water temperature ( 0 C), free CO2 (ppm), transparency (cm), and NO3-N (ppm) are positive and relations between macro-zoobenthos (no. per m 2 ) and D. O. (ppm), PO4-P (ppm) and total alkalinity (ppm) are negative. 
Relationship of macro-zoobenthos with chemical parameters of bottom soil of three ponds
In pond nos. 1, 2 and 3 correlation coefficients (r value) of macro-zoobenthos (no. per m2) with chemical parameters of pond bottom soil (pH), organic carbon (%), organic matter (%), available phosphorus (ppm), and total nitrogen (%)are positive in most cases except some negative relations.
In pond no. 1 correlation coefficients between macro-zoobenthos (no. per m 2 ) and total nitrogen (%) are statistically insignificant. In pond no. 2, correlation coefficients between macrozoobenthos (no. per m 2 ) and total nitrogen (%) are statistically significant. In pond no. 3, correlation coefficients between macrozoobenthos (no. per m 2 ) and total nitrogen (%) are statistically significant. Habib et al. (1984) found significant correlation of Peopia, Chironomus and Viviparous sp. with multiple effect of pH, organic carbon, total nitrogen and available phosphorus of bottom soil. He also found that most of the chemical properties of bottom soil were directly correlated with each other in the ponds.
Abundance of macro-zoobenthos and soil textural class of pond bottom mud
The highest abundance of macro-zoobenthos (no. /m 2 ) was found in silty clay loam (pond no. 3) in which range of macro-zoobenthos was 1865 to 3774 no./m 2 ; and that lower than this was found in loam (pond no. 1) in which range of macrozoobenthos was 1510 to 2309 no./m 2 ; and the lowest abundance of macrozoobenthos was found in sandy loam (pond no. 2) in which range of macro-zoobenthos was 1288 to 1909 no./m 2 . It is clear that soil textural class, silty clay loam is better than loam and loam is better than sandy loam for growth and production of macro benthic fauna. Nupur (2011) found slightly different result in research on benthos in 3 ponds in which the highest macro-zoobenthos population density (no./m 2 ) was in loam followed by that in clay loam and the lowest was in sandy loam.
Conclusion
From the result of this experiment, it is clear that the relationship between macro-zoobenthos density and physical parameters of the ponds of this experiment indicate negative relations in most cases. Relationship between macrozoobenthos density and chemical parameters were positive in most cases. Soil texture of the pond bottom has relationship with the abundance of macro-zoobenthos. The results of study showed that soil textural class silty clay loam is better than loam, and loam is better than sandy loam for the growth and production of macro benthic fauna.
